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(57) ABSTRACT

The communications terminal and acquisition method 1s for
use with Continuous Phase Modulation (CPM) and Phase
Shift Keying (PSK) modulation-type signals, each modula-
tion-type signal having a respective preamble phasing
sequence. The communications terminal may include a wire-
less communications device to recerve a modulated signal
having one of the CPM and PSK modulation types, and hav-
ing a symbol rate. A controller may be included to cooperate
with the wireless communications device to perform a trans-
form process, such as a Fourier Transtorm (FT) process, on
the received modulated signal to detect the modulation type
and the symbol rate of the received modulated signal based
upon the preamble phasing sequence. Carrier phase and fre-
quency of the recetved modulated signal may be estimated
based upon bin amplitudes. Also, symbol timing may be
estimated based upon a phase difference between tones asso-
ciated with the preamble phasing sequence.

23 Claims, 4 Drawing Sheets
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DEMAND-ASSIGNED MULTIPLE ACCESS
(DAMA) COMMUNICATION DEVICE AND
ASSOCIATED ACQUISITION METHODS

FIELD OF THE INVENTION

The present invention relates to the field of digital commu-
nications, and, more particularly, to Demand-Assigned Mul-
tiple Access (DAMA) communications and related methods.

BACKGROUND OF THE INVENTION

The new generation of UHF Satellite Communications
Standards (MIL-STD-188-181C, MIL-STD-188-182B, and

MIL-STD-188-183B) require (up to) 54 different modems to
simultaneously reside 1n the SATCOM terminal. These stan-
dards include the DAMA/IW (Demand-Assigned Multiple
Access/Integrated Wavetform) communications standards
which are intended to increase existing satellite communica-
tions throughput by a factor of two. Designing the modems
tor the DAMA/IW standard requires new techniques to com-
bine subfunctions of the modem to reduce software complex-
ity and decrease development and integration time. Indeed,
various satellite communication systems may have limited
program space, CPU computation speed, and battery power.

In digital communications systems such as cellular and
PCS (personal communications systems ), computer commu-
nications systems, and SATCOM (satellite communications)
systems, digital data 1s modulated by a modem onto a signal
to be transmitted over a communications channel. Data 1s
typically encoded before transmission to a receiver or to a
storage device, to protect the data from errors which may
result from a noisy communications channel or a defect in the
storage medium. An encoder manipulates data symbols 1n
accordance with an error correction code and produces error
correction symbols or a structured redundancy output
sequence. When the code word is later received or retrieved 1t
1s decoded to reproduce the data symbols, and errors 1n the
data symbols are corrected, 11 possible, using the error cor-
rection symbols or the structured redundancy of code.

Continuous phase modulation (CPM) 1s being applied in
communications due to its bandwidth efliciency and constant
envelope characteristics. With CPM, the modulated signal
phase transitions are smoothed. For example, with binary
phase shiit keying (BPSK) a logic one 1s transmitted as one
phase of a modulated signal and a logic zero 1s transmitted as
a 180-degree shifted phase with a sharp transition 1n phase.
This sharp phase transition results 1n broadening of the trans-
mitted spectrum. With CPM the phase of the transmitted
signal makes smooth phase changes over the bits of the modu-
lating digital signal. An example of CPM 1s minimum shiit
keying (MSK) modulation.

Multi-h continuous phase modulation (multi-h CPM) 1s
itself a broad class of modulated waveforms. The class
includes signals with constant amplitude but varying phase.
Multi-h CPM ditters from the single-h format by using a set
of H modulation indices 1n a cyclic manner. This results 1n
delayed merging of neighboring phase trellis paths and ulti-
mately, 1n improved error performance. A detailed descrip-

tion of multi-h CPM wavetorms, 1s included in the book
“Diagital Phase Modulation” by Anderson, Aulin, and Sund-

berg, Plenum Press, New York, 1986.

DAMA 1s a technique that increases the amount of users
that a limited “pool” of satellite transponder space can sup-
port. The ability to share bandwidth is based on the theory that
not all users will require simultaneous access to communica-
tion channels. DAMA systems quickly and transparently
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assign communication links or circuits based on requests
1ssued from user terminals to a network control system. When
the circuit 1s no longer in use, the channels are immediately
returned to the central pool, for reuse by others. By using
DAMA, many subscribers can be served using only a fraction
ol the satellite resources required by dedicated, point-to-point
single-channel-per-carrier networks, thus reducing the costs
of satellite networking.

Existing MIL-STD-188-183 and 183 A terminals require
acquisition and demodulation of various Phase Shift Keying
(PSK) modulation types, such as Shaped Offset Quadrature
Phase Shift Keying (SOQPSK), Differential Encoded
Quadrature Phase Shift Keying (DEQPSK), and Binary
Phase Shift Keying (BPSK) modulation types. New MIL-

STD-188-181C (Integrated Waveform) requires acquisition
and demodulation of Continuous Phase Modulation (CPM)
types. The specified preamble phasing sequence for each of
the modulation types 1s similar. The required Signal-to-Noise
Ratio (SNR) requires advanced signal processing techniques
to recover symbol frequency offset, phase offset, and timing.

Existing DAMA terminals and controllers acquire the
modulation preamble by predefining the modem baud rate
and correlating for the specific modem phasing pattern and
start-of-message bit sequence. Baud 1s a measure of the bit
rate, 1.¢. the number of distinct symbolic changes (signaling
event) made to the transmission medium per second in a
digitally modulated signal. As each symbol may stand for
more than one bit of information, the amount of information
sent per second 1s the product of the rate in baud and the
number of bits of information represented by each symbol.
The baud rate 1s equal to the symbol rate times the number of
bits per symbol.

Existing DAMA terminals cannot auto baud-detect the
modem baud rate (symbol rate). They have to be specifically
set up for the expected modulation type and baud rate. Exist-
ing DAMA terminals acquire signal parameters in a low SNR
conditions. Thus, there 1s a need for a signal processing
approach that can acquire and demodulate both a CPM and
PSK modulation type signal in a DAMA communication
terminal with imncreased flexibility.

SUMMARY OF THE INVENTION

In view of the foregoing background, it i1s therefore an
object of the present invention to provide a signal processing
approach that can acquire and demodulate both a CPM and
PSK modulation type signal n a DAMA communication
terminal.

This and other objects, features, and advantages in accor-
dance with the present invention are provided by a commu-
nications terminal for use with Continuous Phase Modulation
(CPM) and Phase Shift Keying (PSK) modulation-type sig-
nals, each modulation-type signal having a respective pre-
amble phasing sequence. The communications terminal may
include a wireless communications device, such as a trans-
ceiver, to receive a modulated signal having one of the CPM
and PSK modulation types, and having a symbol rate. A
terminal controller or processor may cooperate with the wire-
less communications device to perform a transform process,
such as a Fourier Transtorm (FT) process, on the received
modulated signal to detect the modulation type (e.g. CPM or
PSK) and the symbol rate of the recerved modulated signal
based upon the preamble phasing sequence.

The transform process includes a transformation of 1nput
data samples from the time domain to the frequency domain.
Furthermore, the FT process preferably be performed to esti-
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mate carrier phase, frequency and symbol timing of the
received modulated signal based upon the preamble phasing
sequence.

A demodulator may be coupled to the wireless communi-
cations device to demodulate the recerved modulated signal
based upon the modulation type and symbol rate. The symbol
rate may be one of a plurality of expected symbol rates. The
wireless communications device may receive the modulated
signal at a first sample rate and partition the recerved modu-
lated s1gnal into a plurality of blocks each including a plural-
ity ol samples.

The transform process preferably includes performing a
respective transform on blocks of the received modulated
signal, the transform containing a plurality of bins that each
include a plurality of frequencies. The terminal controller
may cooperate with the wireless communications device to
perform the transform process on the received modulated
signal to estimate the carrier phase and frequency of the
received modulated signal based upon bin amplitudes. The
terminal controller may also cooperate with the wireless com-
munications device to perform the transform process on the
received modulated signal to estimate the symbol timing
based upon a phase difference between tones associated with
the preamble phasing sequence.

A method aspect of the invention 1s directed to processing,
at a communications terminal, Continuous Phase Modulation
(CPM) and Phase Shift Keying (PSK) modulation-type sig-
nals, each modulation-type signal having a respective pre-
amble phasing sequence. The method may include receiving
a modulated signal having one of the CPM and PSK modu-
lation types, and having a symbol rate, and performing a
transform process, such as a Fourier Transform (FT') process,
on the recetved modulated signal to detect the modulation
type and the symbol rate of the received modulated signal
based upon the preamble phasing sequence. Also, the trans-
form process may be performed to estimate the carrier phase,
frequency and symbol timing of the recerved modulated sig-
nal based upon the preamble phasing sequence.

The method may include demodulating the recerved modu-
lated si1gnal based upon the modulation type and symbol rate.
The symbol rate may be one of a plurality of expected symbol
rates. The modulated signal may be received at a first sample
rate and partitioned into a plurality of blocks each including a
plurality of samples. The transform process may include per-
forming a respective transformation on blocks of the recerved
modulated signal, the transforms containing a plurality of
bins that each include a plurality of frequencies. The trans-
form process may be performed on the recetved modulated
signal to estimate carrier phase and frequency of the received
modulated signal based upon bin amplitudes, and to estimate
symbol timing based upon a phase difference between tones
associated with the preamble phasing sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an example of a communica-
tion system that can be used 1n accordance with non-limiting,
examples of the present invention.

FI1G. 2 1s a schematic diagram showing an incoming signal
divided into blocks and detection/estimation using Fourier
Transforms.

FIG. 3 1s a block diagram of an example of a wireless
communication terminal 1n an accordance with a non-limait-
ing example of the present invention.
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FIG. 4 1s a high-level flow chart showing an example of a
basic sequence 1n accordance with one non-limiting example
of a method of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

L1
=]

ERRED

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein. Rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the ivention to those
skilled 1n the art. Like numbers refer to like elements through-
out, and prime notation 1s used to indicate similar elements 1n
alternative embodiments.

As will be appreciated by those skilled 1n the art, portions
of the present invention may be embodied as a method, data
processing system, or computer program product. Accord-
ingly, these portions of the present invention may take the
form of an entirely hardware embodiment, an entirely sofit-
ware embodiment, or an embodiment combining software
and hardware aspects. Furthermore, portions of the present
invention may be a computer program product on a computer-
usable storage medium having computer readable program
code on the medium. Any suitable computer readable
medium may be utilized including, but not limited to, static
and dynamic storage devices, hard disks, optical storage
devices, and magnetic storage devices.

The present invention 1s described below with reference to
flowchart 1llustrations of methods, systems, and computer
program products according to an embodiment of the mnven-
tion. It will be understood that blocks of the illustrations, and
combinations of blocks in the illustrations, can be i1mple-
mented by computer program instructions. These computer
program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other
programmable data processing apparatus to produce a
machine, such that the instructions, which execute via the
processor of the computer or other programmable data pro-
cessing apparatus, implement the functions specified in the
block or blocks.

These computer program instructions may also be stored 1n
a computer-readable memory that can direct a computer or
other programmable data processing apparatus to function 1n
a particular manner, such that the instructions stored 1n the
computer-readable memory result in an article of manufac-
ture including istructions which implement the function
specified 1n the flowchart block or blocks. The computer
program 1nstructions may also be loaded onto a computer or
other programmable data processing apparatus to cause a
series of operational steps to be performed on the computer or
other programmable apparatus to produce a computer 1imple-
mented process such that the 1nstructions which execute on
the computer or other programmable apparatus provide steps
for implementing the functions specified i1n the flowchart
block or blocks.

For purposes of description, some background information
of coding, interleaving, and an exemplary wireless, mobile
radio commumications system that can be modified for use
with the system and method of the present invention 1s now
set forth with regard to FIG. 1. An example of a radio that
could be used with such system and method 1s a Falcon™ 111
radio manufactured and sold by Harris Corporation of Mel-
bourne, Fla. It should be understood that different radios can
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be used, including software defined radios that can be typi-
cally implemented with relatively standard processor and
hardware components. One particular class of software radio
1s the Joint Tactical Radio (JTR), which includes relatively
standard radio and processing hardware along with any
appropriate wavelform soltware modules to implement the
communication wavetorms a radio will use. J'TR radios also
use operating system soiftware that conforms with the soft-
ware communications architecture (SCA) specification (see
www.trs.saalt.mil), which 1s hereby incorporated by refer-
ence 1n 1ts entirety. The SCA 1s an open architecture frame-
work that specifies how hardware and soitware components
are to interoperate so that different manufacturers and devel-
opers can readily integrate the respective components mnto a
single device.

The Joint Tactical Radio System (JTRS) Software Compo-
nent Architecture (SCA) defines a set of interfaces and pro-
tocols, often based on the Common Object Request Broker
Architecture (CORBA), for mmplementing a Software
Defined Radio (SDR). In part, JTRS and i1ts SCA are used

with a family of software re-programmable radios. As such,
the SCA 1s a specific set of rules, methods, and design criteria
for implementing software re-programmable digital radios.

The JTRS SCA specification 1s published by the JTRS
Joint Program Office (JPO). The JTRS SCA has been struc-
tured to provide for portability of applications software
between different J'TRS SCA implementations, leverage
commercial standards to reduce development cost, reduce
development time of new wavelorms through the ability to
reuse design modules, and build on evolving commercial
frameworks and architectures.

The JTRS SCA 1s not a system specification, as 1t 1s
intended to be implementation independent, but a set of rules
that constrain the design of systems to achieve desired JTRS
objectives. The software framework of the JTRS SCA defines
the Operating Environment (OE) and specifies the services
and interfaces that applications use from that environment.
The SCA OF comprises a Core Framework (CF), a CORBA
middleware, and an Operating System (OS) based on the
Portable Operating System Interface (POSIX) with associ-
ated board support packages. The JTRS SCA also provides a
building block structure (defined 1n the API Supplement) for
defining application programming interfaces (APIs) between
application software components.

The JTRS SCA Core Framework (CF) 1s an architectural
concept defining the essential, “core” set of open soltware
Interfaces and Profiles that provide for the deployment, man-
agement, 1mterconnection, and intercommunication of soit-
ware application components 1n embedded, distributed-com-
puting communication systems. Interfaces may be defined in
the JITRS SCA Specification. However, developers may
implement some of them, some may be implemented by
non-core applications (1.e., wavelorms, etc.), and some may
be implemented by hardware device providers.

For purposes of description only, a brief description of an
example of a Demand Assigned Multiple Access (DAMA)
communications system that would benefit from the present
invention 1s described relative to a non-limiting example
shown 1 FIG. 1. This high level diagram of a communica-
tions system 50 includes wireless mobile terminals 52 or

radios that could be modified for use with the present mven-
tion. The wireless mobile terminals 52 communicate and

transmit voice or data over a wireless link to a satellite 56 and

to other wireless mobile terminals 52. The system 30 1s pret-
erably controlled by a DAMA controller 54 as would be
appreciated by those skilled in the art.
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As discussed above, it 1s desirable for a DAMA communi-
cation system to use Continuous Phase Modulation (“CPM”)

wavelorms and Phase Shift Keyed (PSK) wavelorms. These

wavelorms with an alternating sequence, also referred to
herein as a “preamble”, have a characteristic frequency spec-
trum that can be used to determine the modulation type and
parameters of the recerved signal, such as carrier frequency,
carrier phase, modulation symbol rate and baud rate. The
system and method of the present invention makes use of two
or more transforms, such as Fourier Transforms, Discrete
Fourier Transforms, and/or Fast Fourier Transforms, to deter-
mine the aforementioned parameters.

A CPM or PSK wavetorm has a frequency spectrum which
has a tone at the carrier frequency and characteristic tones
which are spaced at the wavetorm symbol rate divided by 2n.
Although this property 1s known, the present system and
method includes an approach for the accurate detection and
estimation of either a CPM or PSK preamble.

Use of the Founer Transform (“F17") or the Laplace Trans-
form (“LI”’) are methods to convert time domain data to
frequency domain data for analysis. The FT has discrete bins
which contain the energy as correlated with a frequency offset
for each bin. The Fourier Transform may be implemented as
a Discrete Founier Transform (“DFT”) or as a Fast Fourier
Transtorm (“FFT1”).

If the mnput to a FT 1s a time domain signal, the output of an
FT 1s a frequency domain signal 1n a predetermined number
of bins. Each bin, by 1itself, can give an estimate of the fre-
quency and phase of the incoming signal. However, the esti-
mate 1s typically too 1naccurate to allow for accurate param-
cter estimation. The FT frequency domain output counts the
number of cycles of the mput time domain wavetorm. The
present invention contemplates the use of any number of bins.

The present system and method makes use of non-contigu-
ous, contiguous, overlapping and/or non-overlapping FT's,
from contiguous, non-overlapping samples, to accurately
determine the parameters of the received signal. In doing so,
the magnitude and phase of the various F'T bins are utilized.
For example, the phases of the FT's are used to determine
frequency of the recerved signal. The present system and
method contemplates the use of two or more FTs.

With attention now to FIG. 2, an incoming signal 10 1s
received by the recerver. As used herein, the term “recerved”
means the raw incoming data, at the predetermined sampling
rate, enters the processing circuitry at the receiver. The
incoming signal may be any CPM or PSK signal with a
preamble transmitted over any medium. Specifically, the sig-
nal may be a signal on the Military Satellite Communications
UHF Frequency band. To detect the incoming signal 10 and
determine the characteristics of the signal, the signal is
divided into N equal blocks of a predetermined number of
samples, as 1s known by those skilled 1n the art. One embodi-
ment of the present invention utilizes a block size of 256
samples.

The block of data designated Block 1 may generally be
thought of as the block of samples that contain the initial
received energy of the mncoming CPM or PSK signal. The
subsequent blocks are each contiguous with their immediate
neighbors. The first Fourier Transform, designated as FT1, 1s
taken on the data Block 1. F'12 then begins with the sample
immediately after FT1 ends, so that FT1 and F12 may be
contiguous without any overlap. The information derived
from eirther F'11 or F12 as well as other known information
about the mncoming signal, such as maximum allowable car-
rier oifset and maximum symbol rate, are suificient for detect-
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ing the imncoming signal 10. A FT may be performed on the
other data blocks, but are not shown in FIG. 2 for clarity
pUrposes.

The incoming signal 10, or parts thereof, are resampled to
thereby create the resampled incoming signal 20. Typically,
data Block 1 and data Block 2, which were used for detection
purposes, will be discarded and not be resampled. The resa-
mpled rate 1s typically lower than the sampling rate to ensure
adequate sampling of the mcoming signal. However, it 1s
contemplated that the resampled rate may also be the same as
or faster than the original sampling rate. The F13 1s taken on
the resampled data Block 3 and the F15 1s taken on the
resampled data Block 4 such that the FT3 and the FTS are
contiguous. A FT may also be performed on the other resa-
mpled data blocks, but those FT's are not shown 1n FIG. 1 for
the sake of clarity. The resampled data Block 3 1s modified by
multiplying by a tone, exp(jw/s) where “w” 1s the frequency
and “s” 1s the new sample rate, then FT4 1s taken on the
modified resampled data Block 3. Preferably, the tone shifts
the data 1n resampled Block 3 by 14 the bin spacing, for
example. Other bin spacings are contemplated, but shifting by
12 bin spacing allows for the desired amount of resolution as
will become apparent in the discussion below.

As discussed 1n more detail below, the information from
the F'13, F'14, and FT5 operations, 1n addition to the infor-
mation provided above for detection, allow the characteristics
of the mmcoming signal 10 to be accurately estimated.

Referring now to FIG. 3, a DAMA communication termi-
nal 31, e.g. a wireless or mobile terminal, in accordance with
the present will now be described. The terminal 31 may be or
otherwise 1nclude the functionality of a radio, laptop com-
puter, personal digital assistant (PDA) or mobile phone eftc.
Each terminal 31 may include a communications device 32, a
wireless transcerver, to wirelessly and unidirectionally or
bidirectionally communicate with other terminals via com-
munication links, and a terminal controller 34 or radio pro-
cessor to route communications via the communications
device 32. Also, a memory 36 may be included as part of the
terminal controller 34 or 1n connection with the terminal
controller.

The DAMA communications terminal 31 1s for use with
Continuous Phase Modulation (CPM) and Phase Shiit Key-
ing (PSK) modulation-type signals, each modulation-type
signal having a respective preamble phasing sequence. The
wireless communications device 32 receives a modulated
signal having one of the CPM and PSK modulation types, and
having a symbol rate. The terminal controller 34 may coop-
crate with the wireless communications device 32 to perform
a transform process, such as a Fourier Transtorm (FT') pro-
cess, on the recerved modulated signal to detect the modula-
tion type (e.g. CPM or PSK) and the symbol rate of the
received modulated signal based upon the preamble phasing
sequence. Furthermore, the transform process 1s preferably
performed to estimate carrier phase, frequency and symbol
timing of the recetved modulated signal based upon the pre-
amble phasing sequence,

The transform process may be any transformation of input
data samples from the time domain to the frequency domain
including, for example, Fast Fourier Transforms, Discrete
Fourier Transtorms and/or the Goertzel Transform.

A demodulator may be part of the terminal controller or
coupled to the wireless communications device 32 to
demodulate the received modulated signal based upon the
modulation type and symbol rate. The symbol rate may be
one of a plurality of expected symbol rates. The baud rate 1s
equal to the symbol rate times the number of bits per symbol.
The wireless communications device 32 may receive the
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modulated signal at a first sample rate and partition the
received modulated signal ito a plurality of blocks each
including a plurality of samples, as discussed above with
respect to F1G. 2.

The transform process performed by the terminal 31 pret-
erably mncludes performing a respective transform on blocks
of the recerved modulated signal 10, the transforms contain-
ing a plurality of bins that each include a plurality of frequen-
cies. The terminal controller 34 may cooperate with the wire-
less communications device 32 to perform the transform
process on the recetved modulated signal 10, 20 to estimate
the carrier phase and frequency of the recerved modulated
signal based upon bin amplitudes. The terminal controller 34
may also cooperates with the wireless communications
device 32 to perform the transform process on the recerved
modulated signal to estimate the symbol timing based upon a
phase difference between tones associated with the preamble
phasing sequence.

With reference now to FIG. 4, a flow chart 1s depicted
showing the major steps for detection of a CPM or PSK
wavelorm with a preamble phasing sequence. The method
aspect of the invention 1s directed to processing, at a commu-
nications terminal 31, CPM and PSK modulation-type sig-
nals, each modulation-type signal having a respective pre-
amble phasing sequence. The method begins at 100 and may
include, at 102, receiving a modulated signal having one of
the CPM and PSK modulation types, and having a symbol
rate. At 106, for example, a Fourier Transform (FT') process
on the received modulated signal 1s performed to detect the
modulation type, at 108, and the symbol rate, at 110, of the
received modulated signal based upon the preamble phasing
sequence. Also, the FT process may be performed to estimate
the carrier phase (at 112), frequency (at 114) and symbol
timing (at 116) of the recerved modulated signal based upon
the preamble phasing sequence.

At 118, the method may include demodulating the recerved
modulated signal based upon the modulation type and symbol
rate, before ending at 120. The symbol rate may be one of a
plurality of expected symbol rates. The modulated signal may
be received at a first sample rate and partitioned (at 104) into
a plurality of blocks each including a plurality of samples.
The FT process may include performing a respective FT on
blocks of the received modulated signal, the FTs containing a
plurality of bins that each include a plurality of frequencies.
The FT process may be performed on the recetved modulated
signal to estimate carrier phase (at 112) and frequency (at
114) of the recerved modulated signal based upon bin ampli-
tudes, and to estimate symbol timing (at 116) based upon a
phase difference between tones associated with the preamble
phasing sequence.

Furthermore, as part of an example of a method consistent
with the features of the present invention, a sample rate may
be chosen. Since the symbol rate and maximum allowable
carrier offset for the incoming signal 1s unknown at the time
ol detection, the sample rate that 1s chosen must be high
enough to allow for (a) the maximum allowable carrier re-
quency excursion as well as (b) the characteristic tones from
the preamble. The tones are typically spaced apart by the baud
rate, which for a CPM preamble, 1s the symbol rate divided by
2n, for example. The CPM used 1n the MIL-STD-188-181B
CPM standard has 2 bits per symbol. For BPSK there 1s only
1 bitper symbol. For QPSK and 4-ary CPM, there are two bits
per symbol, etc. The transmit signal changes every symbol.
So, the FT 1s able to determine the symbol frequency using the
sidetones that are transmitted around the carrier. Those tones
are generated by the frequency that 1s transmitted when the
signal changes every symbol.
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The incoming signal 1s partitioned into data blocks each
containing a predetermined number of samples. One useful
partitioning of samples 1s 256 samples per block, since 256 1s
a power of 2, although other block sizes are also contemplated
by the present invention. As shown 1n FIG. 2, the incoming,
signal 10 1s partitioned 1nto N blocks of S samples.

The FT bins may be normalized as would be appreciated by
those skilled 1n the art. There can be any number of bins for
the F'T, consistent with the discussion above for computation
intensity and resolution. For a block size of 256 samples/
block, a preferable number of FT bins 1s 256. Alternative
numbers of bins are contemplated by the present invention.
Theretore, for a sampling rate of 64,000 samples/sec and 256
bins, the bin size, or frequencies (or samples) per bin, 1s 250.
It1s preferable, though not required, to choose the sample rate
such that the allowable symbol rates for the incoming signal
all appear as an exact integer multiple of the bin size, Hz/bin.
As would be known to those of skill in the art, the FT used
would typically be a complex FT, although other types of F'T
are also contemplated by the present inventive system and
method.

The route-mean-square (RMS) amplitude difference
between the samples 1n a first portion of data Block 1 and the
samples 1 a second portion of data Block 1 i1s also deter-
mined. The first portion of data Block 1 comprises those

samples 1n data Block 1 that are not included 1n FT1. The
second portion of data Block 1 comprises those samples 1n
data Block 1 that are included 1n FT1. The RMS amplitude
difference will be used later as one indication of detection of
the incoming signal.

The Tone Bin Distance (“TBD”) may also be determined.
The TBD 1s the number of bins between the tones as deter-
mined by the baud rate. The TED 1s approximately equal to
the baud rate (samples/sec, or Hz) divided by the bin size
(Hz/bin). The TBD will be used, as discussed below, to deter-
mine a cumulative amplitude which 1s used as one indication
of detection of the incoming signal. A first FT, FT1 in FIG. 2,
1s performed on the first data block, Block 1 1n FIG. 2, that
typically contains the mitial energy of the incoming signal. IT
the signal does not appear in the Block 1, the F'T1 1s discarded,
along with the samples 1n the Block 1, and the F'12 performs
the same operations as F11. Therefore, Block 1 can be
regarded as the block of data within which the mncoming
signal 10 appears.

The symbol rate may be determined by sorting the bins of
FT1 in amplitude order, designating a set of the largest ampli-
tude bins as containing the tones, and determiming the closest
bin distance (by the difference in bin numbers) between any
two of the adjacent tone bins. Typically, the three or five bins
with the largest amplitudes are designated as the tones,
although other numbers of bins are contemplated. If the deter-
mined baud rate 1s approximately equal to an expected sym-
bol rate divided by 2n, then there 1s possible signal detection,
as will be discussed further below. Once the baud rate 1s
determined, the bandwidth of the incoming signal can be
determined by techniques known in the art, and a variable
bandwidth filter can be adjusted so as to take advantage of the
knowledge of the bandwidth of the incoming signal.

A Carner Frequency Window (“CFW™) may also be deter-
mined. The CFW contains a number of bins as a function of
the maximum allowable carrier offset. For example, 11 the
maximum allowable carrier offset 1s +/—1500 Hz, and the bin
s1ze (as determined above) 1s 250 Hz/bin, then a Carrier Bin
Oftset (“CBO”) 1s 6 bins. The CFW 1s comprised of the zero
bin offset, bin 0, plus those bins that are one CBO greater than
and one CBO less than bin 0.
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The cumulative amplitude of each bin 1n the CFW, includ-
ing the amplitudes of the +/-1 tone for each respective bin, 1s
determined. The use of the amplitudes of just the bins 1n the
CFW may not result 1n a suificiently low error rate to be
usetul. Theretore, the amplitudes of the respective +/-1 tones
are added 1n to allow for a more robust detection. The present
invention contemplates determining the cumulative ampli-
tude of the CFW bin and the +/-1 tones as well as determining
the cumulative amplitude of the CFW bin and the +/-1 +/-2
tones.

For the CPM preambles (which 1s binary MSK), the trans-
mit pattern repeats every 4 symbols (1 bit/symbol for MSK).
So the tones appear in multiples of the symbol period divided
by 4. So, the tones appear at +/-1s/4, +/-2Ts/4, +/-3'Ts/4, etc.
For the Legacy DAMA preambles (BPSK and DEQPSK), the
transmit pattern repeats every 3 symbols (1 bit per symbol for
BPSK, 2 bits per symbol for DEQPSK). So, the tones appear
in multiples of the symbol divided by 3—+/-T's/3, +/-27Ts/3,
+-3Ts/3, etc. Note that, for CPM for example, the symbol rate
1s calculated using the —'T's/4 and T's/4 tone bins. If there 1sn’t
any carrier frequency offset and T's/4 appears in bin 3, then the
—T's/4 appears 1n bin -5 (bin 2501 for a 256 pt. FFT). So, the
distance between the two 1s 10. So the symbol rate 1s equal to
the frequency per bin (250 Hz in the example) times 10
divided by 2 times 4 (250*10 *4/2=5 kHz). So, the baud rate
1sn’t exactly known vet, but, since for CPM there 1s always 2
bits per symbol, the baud rate would be 10 kHz. (Note: an
actual example of a CPM baud rate would be 9.6 kbps. The
symbol rate 1s 4.8 ksps. So, for a signal sampled at 64000
samples per second and an FFT size of 256 pts, the actual bin
would be 4.8 offset from the carrier. A detection can be
formed at this point, but, resampling the signal after detection
1s preferable. The tone 1s offset between two bins. If 1t 1s
resampled to 4 samples per symbol—19200 samples per sec-
ond—the 4800/4=1200 Hz tone appears in bin 16—an exact
distance from the carrier. And, the carrier frequency measure-
ment accuracy 1s improved—75 Hz per bin rather than 250
Hz. And since the FF'T 1s re-normalized after 1t 1s resampled,
the noise that was outside of the +/-9600 Hz frequency range
1s eliminated. This eliminates the effects of adjacent-channel
noise and coherent frequency interference).

A determination of whether the incoming signal 1s detected
may be made. For example, to show detection of the signal the
baud rate must be equal to approximately a known symbol
rate for the incoming signal divided by 2n where n defines the
number of symbols 1n the repeating pattern of the preamble,
the F'T window does not experience a large change of ampli-
tude as determined by the difference in RMS amplitude, and
the largest cumulative amplitude 1s less than a predetermined
threshold. If all three of the above tests are passed, the incom-
ing signal may be determined to have been detected. If any of
the above tests are not passed, 1t may be determined that there
1s no detection.

The data blocks of the incoming signal, e.g., the incoming,
signal 10 1n FIG. 2, are resampled at a predetermined resam-
pling rate that 1s preferentially less than the sampling rate
chosen earlier. In one embodiment, the blocks of data that are
resampled are the last half of the block 1n which the incoming
signal 10 appears and enough of the remaining data blocks
aiter that point for completing the determination of the wave-
form characteristics of the incoming signal. Typically, this 1s
at least 2 data blocks, as shown 1n FI1G. 2. The resampling rate
may be 2n, for example, where n, the symbol repetition factor,
1s from the atorementioned general equation for the preamble
but may be any reasonable rate as contemplated by the inven-
tion. The resampling changes the time base of the data in the

data blocks.
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The resample rate 1s preferentially a multiple of the signal
symbol rate. The tying of the resample rate to a multiple of the
symbol rate may have the additional benefit of filtering out
out-of-band noise and thus improving the signal-to-noise
rat10 of the received signal. In some cases, it 1s not convenient
to resample to a sample rate that 1s less than the original rate.
For example, 56 kbps CPM has a 28 ksps symbol rate. So, the
characteristic preamble tones appear at multiples of +/-7
kHz. A new sample rate of 56000 samples per second could be
chosen (which 1s less than the original 64000 sps rate), but 1f
it 1s desired to maintain 4 samples per symbol for all of the
resampled signals, then the new sample rate would be 112000

SPS.

The steps can be repeated as many times as needed to
obtain the data required for determining the characteristics of
the incoming signal, as discussed further below.

The bin containing the carrier frequency 1s determined
from the bins of FT3 and F14. The bin with the largest

cumulative amplitude from F13 and F'1'4 1s the bin that con-
tains the carner frequency. The center frequency of the bin
that contains the carrier frequency 1s the carrier frequency
estimate. The carrier frequency estimate may be refined by
determining a phase difference and a frequency offset.

The phase difference 1s determined between the phase
value of the carrier frequency bin and the phase value of the
bin from FTS that has the same bin number as the carrier
frequency bin. This phase difference corrects for the FT fre-
quency which 1s not located at the exact center of the FT bin.
The frequency offset 1s determined by dividing the phase
difference by the time duration of one of the FT's. The carrier
frequency 1s determined by adding the frequency ofiset to the
carrier frequency estimate.

The phase and timing of the incoming signal may be deter-
mined. The phase of the bins containing the +/-1 tones for the
carrier frequency bin 1s determined. One method of determin-
ing the phase 1s by taking arctan(Q/1I) for these bins, although
any method for determining phase can be used. A delay offset
1s determined by calculating the difference in phase between
the +/—1 bins and dividing the difference 1n phase by the bin
distance between the +/-1 tones, which may be the same as
twice the TBD. The baud rate offset 1s a timing ofiset which
1s used to determine where the FT started with respect to the
start of the preamble. The phase of the carrier frequency bin 1s
determined, and a modified phase for the carrier frequency
bin 1s determined by subtracting the delay offset from the
phase of the carrier frequency bin. The frequency oflset 1s
subtracted from the modified phase for the carrier frequency
bin to thereby determine the phase of the incoming signal.
The signal level of the incoming signal 1s determined from the
gain values from one of the F'T bin normalizing steps. Accord-
ingly, the frequency, phase, and signal level characteristics of
the incoming signal are determined.

S0, based on the existing MIL-STD-188-181B Continuous
Phase Modulation preamble acquisition method, the FFT-
based approach of the present invention was designed for the
older, legacy PSK modulation types (SOQPSK, DEQPSK,
and BPSK). The preamble phasing pattern has characteristic
frequencies which can be exploited to acquire the modem
preamble 1 low SNR conditions.

As described above, the frequency ofiset 1s the frequency
of the center tone (based on F1 bin). The phase offset 1s the
phase of center tone. The baud rate 1s the frequency of one of
the two side-tones times the number of bits that are repeated
in the PSK preamble. For example, 11 the side-tone 1s at 2400
Hz and the preamble phasing pattern repeats every 4 bits

(110011001100 . . . ) then the symbol rate of the received
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modulation 1s 9600 symbols per second. The timing offset 1s
the inverse tangent on phase of one of the side tones.

The new MIL-STD-188-181C, MIL-STD-188-183B and
MIL-STD-188-182B (Integrated Wavelorm, SATCOM)
standards combine both CPM and PSK modulation types.
The ability to acquire and demodulate both types of signals 1n
the same recetver 1s a new SATCOM requirement. Typical
approaches use existing correlation demodulation while the
FT-based approach of the present invention will allow the
receiver increased flexibility and reduce development, inte-
gration, and testing time. The Fl-based approach also
improves SNR performance of existing DAMA (pre-IW)
modulation types.

Furthermore, an 1ssue with the FT implementation 1s that
any frequency which is not an exact integer multiple of the
data sample rate divided by the number of FT bins ends up
with energy split between two adjacent bins of the F'T. This
elfect tends to hide the characteristic PSK tones in the sur-
rounding noise. The present mventive system and method
addresses this 1ssue by multiplying the mput data by a con-
stant tone which may correspond to exactly V2 bin frequency,
or some other fraction of bin frequency, and then performing
another FT on the input data that has been multiplied by the
constant tone and comparing the results with the results of the
FT performed on the non-multiplied input data. The proce-
dure creates two F17s on the same time-domain data. In one
case, the carrier frequency will be located more closely to the
center of an FT bin. In the other case, the carrier frequency
will be located closer to the edge of the bin which may cause
energy spillover mto the next, adjacent F'T bin. This energy
spillover 1s undesired because 1t reduces the apparent signal
strength 1n relation to the noise energy.

The worst case situation occurs when tone appears exactly
on a bin edge. In this case, the tone energy will be equally
distributed between the two adjacent FT bins. For the single
bin of interest (the transmitted carrier frequency), the appar-
ent signal to noise ratio 1s 3 dB (a power ratio of 2) less than
the signal to noise ratio which would be apparent 11 the F'T was
modified to locate the transmit carrier tone at the center of an
FT bin. With two candidate F1’s, choosing the transmit car-
rier frequency which has the highest magmitude will provide
the best possible representation of the transmitted signal (in
the frequency domain). This will improve the apparent signal
to noise ratio which will improve the signal estimation per-
formance 1n noisy environments.

The present system and method may separate the detection
and estimation functions. During detection, the symbol rate 1s
detected as a first estimated parameter which 1s then utilized
by the recerver for tailoring the signal sample rate and band-
width to better match the incoming signal before calculating,
the transmitted carrier frequency, phase, and bit timing. The
signal to noise ratio improvement which results from the
tailoring process (of resampling and filtering) consequently
improves the accuracy of the calculated values.

Additionally, the present system and method performs a
symbol rate calculation by sorting the F'1 tones in order of
amplitude and measuring the bin distance between the closest
two tones. The symbol rate 1s calculated as the distance
between the closest two characteristic +/-Ts/4 preamble/
modulation tones. The expected value of the two closest tones
1s equal to the symbol rate divided by 2n where “n” 1s the
number of bit repeats in the preamble from the signal pre-
amble. This baud rate calculation greatly improves the baud
rate estimation because the inventive method takes advantage
of the large signal to noise ratio apparent 1n a F'T bin that
contains a large signal level. The conventional correlation
method mtegrates the noise in the entire range of frequencies
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which cover the transmit carrier frequency and the tones and
results 1n a more mtensive correlation function. The sorting,
method used by the present mvention excludes energy in
those bins which do not contain enough signal energy to cause
a signal detection. Therefore, the present invention excludes
the noise from the baud rate estimation calculation as will
become apparent in the detailed description below.

A non-limiting example of a signal acquisition approach is
described. The detection and estimation portions of the algo-

rithm are separated into two sections as follows:

Detection

1. Since the symbol rate 1s unknown at the time of detection,
the sample rate chosen for detection must be high enough
to allow for the maximum allowable carrier frequency
excursion and include the characteristic tones at 3*sym-
bol_rate 4. For wavetorms 1n the range of 4800 to 28000
symbols per second and a +/-1500 Hz allowable carrier
frequency offset, a 64000 samples per second rate will

provide a good mitial frequency estimate (discussed 1in
detail inthe ESTIMATION section). Fora256 pomnt FFT at

64000 samples per second, the Hz/Bin 1s 250. A carrier
frequency offset of 1500 Hz would correspond to bin 6 of
the FFT and a symbol rate of 28000 Hz would have char-
acteristic tones at bins 28, 56, and 84. It 1s preferable that a
sample rate 1s chosen such that the allowable symbol rates
all appear as an exact integer multiple of the Hz/Bin value.

2. The next step 1s to alternate FFT windows at %2 the FFT
Size. For a 256 point FFT, the windows would be 128
samples apart. This would allow for an impulse 1n the
middle of an FFT (due to the start of a preamble) to be
discarded.

3. For each FFT window, normalize the entire window such
that the sum of all the samples divided by the FFT size 1s
equal to 1.0.

4. Perform the FFT.

. Sort the 5 highest tones 1n order of magnitude and confirm
that the closest two tones (1n bin distance) are equal to an
expected symbol rate. Note that this FET Window will not
have an exact integer multiple of symbols. This limitation
will cause the +/-1 MSK Tones to vary in amplitude 1n
relation to each other and the carrier (although the total
energy 1n the FFT Window will always be the same 1inde-
pendent of the starting point of the preamble 1n the FFT
Window).

6. Pick the bin with the closest two tones that match the

expected symbol rate, and, the FF'T window does not have
a unit step increase 1 amplitude, and the sum of the energy
1s greater than a minimum value. Include adjacent bins for
all of the tones 1n case the carrier frequency is located at the
bin edge.

7. IT the closest two tones 1n the FFT match an expected
symbol rate, the FF'T Window does not have a large change
in amplitude, the sum of the energy 1n the FFT 1s greater

than a minimal value, and the sum of the Carrier tone and

the +/-1 and +/-2 characteristic tones 1s greater than
0.0183, then a detection has occurred. The next step 1s to
perform the Phase, Frequency, and Timing Estimation.

Estimation

1. Use the last 12 Detection Window Input Samples as the first
set of samples for Estimation. The incoming samples are
resampled to achieve 4 samples per symbol.

. Normalize the builer.

. Perform FFT.

4. Take the same data, multiply by a tone with the value equal

to Y2 bin spacing and perform an FFT.

5. Perform steps 1-3 for third FFT.
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6. Find the bin containing the center frequency of the Pre-
amble (Bin with highest amplitude).

7. Calculate exact frequency by subtracting the phase of the
center bin of the first FET from the phase of the center bin
of the third FET and dividing by the time duration of one
FFT. This 1s accomplished in two parts:

7.1. Fine Resolution—The subtraction of the two phases 1s
ambiguous for frequency offset values which are greater than
1 FF'T Bin. So the subtraction provides +/—-12 Bin resolution
which must be added to.

7.2. Coarse Resolution—The actual bin which has the
highest peak value of the FFT spectrum.

8. Calculate delay offset using the +/—1 Tones of the first set
of FFT data for the FFT with a center frequency which falls
closest to the center of the bin. This 1s decided by using the
FFT (of the first two FFT1’s) with the highest amplitude of
the center frequency. Subtract the phase of the two tones
and divide by the distance between the two tones.

9. Calculate the Center Phase using the phase of the center bin
of the first FFT and subtracting oil the phase caused by
timing delay, then subtract off the phase caused by the
frequency offset,

10. The gain value of the wavelorm 1s the last gain value
calculated 1n the normalization function.

Many modifications and other embodiments of the inven-
tion will come to the mind of one skilled 1n the art having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, 1t 1s understood
that the invention 1s not to be limited to the specific embodi-
ments disclosed, and that modifications and embodiments are
intended to be included within the scope of the appended
claims.

That which 1s claimed 1s:

1. A communications terminal for use with Continuous
Phase Modulation (CPM) and Phase Shift Keying (PSK)
modulation-type signals, each modulation-type signal having
a respective preamble phasing sequence, the communications
terminal comprising;

a wireless communications device to recerve a modulated
signal having one of the CPM and PSK modulation
types, and having a symbol rate; and

a terminal controller cooperating with said wireless com-
munications device to perform a transform process on
the received modulated signal to convert the recerved
modulated signal to frequency domain and detect the
modulation type and the symbol rate of the received
modulated signal based upon the preamble phasing

sequence.

2. The commumnications terminal of claim 1 wherein said
wireless communications device comprises a wireless trans-
celver.

3. The communications terminal of claim 1 further com-
prising a demodulator coupled to said wireless communica-
tions device to demodulate the recetved modulated signal
based upon the modulation type and symbol rate.

4. The communications terminal of claim 1 wherein the
symbol rate 1s one of a plurality of expected symbol rates.

5. The communications terminal of claim 1 wherein the
wireless communications device receives the modulated sig-
nal at a first sample rate and partitions the received modulated
signal into a plurality of blocks each including a plurality of
samples.

6. The communications terminal of claim 5 wherein the
transiorm process includes performing a respective transform
on blocks of the received modulated signal, the transforms
containing a plurality of bins that each include a plurality of
frequencies.
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7. The communications terminal of claim 6 wherein said
controller cooperates with said wireless communications
device to perform the transform process on the recerved
modulated signal to estimate carrier phase and frequency of
the recerved modulated signal based upon bin amplitudes.

8. The communications terminal of claim 7 wherein said
terminal controller cooperates with said wireless communi-
cations device to perform the transform process on the
received modulated signal to estimate symbol timing based
upon a phase difference between tones associated with the
preamble phasing sequence.

9. A communications terminal for use with Continuous
Phase Modulation (CPM) and Phase Shiit Keying (PSK)
modulation-type signals, each modulation-type signal having,
a respective preamble phasing sequence, the communications
terminal comprising:

a wireless communications device to receive a modulated
signal having one of the CPM and PSK modulation
types, and having a symbol rate; and

a terminal controller cooperating with said wireless com-
munications device to perform a transform process on
the received modulated signal to convert the received
modulated signal to frequency domain and detect the
modulation type and the symbol rate of the received
modulated signal, and to estimate carrier phase, ire-
quency and symbol timing of the recerved modulated
signal based upon the preamble phasing sequence.

10. The commumnications terminal of claim 9 wherein said
wireless communications device comprises a wireless trans-
Celver.

11. The communications terminal of claim 9 further com-
prising a demodulator coupled to said wireless communica-
tions device to demodulate the recerved modulated signal
based upon the modulation type and symbol rate.

12. The communications terminal of claim 9 wherein the
symbol rate 1s one of a plurality of expected symbol rates.

13. The communications terminal of claim 9 wherein the
wireless communications device receives the modulated sig-
nal at a first sample rate and partitions the received modulated
signal into a plurality of blocks each including a plurality of
samples.

14. The communications terminal of claim 13 wherein the
transform process includes performing a respective transform
on blocks of the recerved modulated signal, the transforms
containing a plurality of bins that each include a plurality of
frequencies.
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15. The communications terminal of claim 14 wherein said
terminal controller cooperates with said wireless communi-
cations device to perform the transform process on the
received modulated signal to estimate the carrier phase and
frequency of the recerved modulated signal based upon bin
amplitudes.
16. The communications terminal of claim 15 wherein said
terminal controller cooperates with said wireless communi-
cations device to perform the FT process on the recerved
modulated signal to estimate the symbol timing based upon a
phase difference between tones associated with the preamble
phasing sequence.
17. A method of processing, at a communications terminal,
Continuous Phase Modulation (CPM) and Phase Shiit Key-
ing (PSK) modulation-type signals, each modulation-type
signal having a respective preamble phasing sequence, the
method comprising:
receving a modulated signal having one of the CPM and
PSK modulation types, and having a symbol rate; and

performing a transform process on the recetved modulated
signal to convert the recerved modulated signal to fre-
quency domain and detect the modulation type and the
symbol rate of the recetved modulated signal based upon
the preamble phasing sequence.

18. The method of claim 17 further comprising demodu-
lating the received modulated signal based upon the modula-
tion type and symbol rate.

19. The method of claim 17 wherein the symbol rate 1s one
of a plurality of expected symbol rates.

20. The method of claim 17 wherein the modulated signal
1s received at a first sample rate and partitioned into a plurality
of blocks each including a plurality of samples.

21. The method of claim 20 wherein the transform process
includes performing a respective transform on blocks of the
received modulated signal, the transforms containing a plu-
rality of bins that each include a plurality of frequencies.

22. The method of claim 21 wherein the transform process
1s performed on the recerved modulated signal to estimate
carrier phase and frequency of the recerved modulated signal
based upon bin amplitudes.

23. The method of claim 22 wherein the transform process
1s performed on the received modulated signal to estimate
symbol timing based upon a phase difference between tones
associated with the preamble phasing sequence.
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